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BMJKGROUND OF THE INVENtlON 

^ [0001] The present invention relates to a niatrix for sustained-release preparation and a sustained-release prepara- 
tion comprising it 

[0002] EP-A 481732 (Japanese Patent UnexaniinedPublication No. 112468/1993) describes a base fo^ 

release preparation comprising a mixture of potylactic acid and a glycotic acid/hydroxycarboxylic add [H0CH(C2^ 

alkyI)COOH] copolymer. 

70 [0003] Japanese PatemUn&camined Publication No. 212436/1 990 describes a base for sustained-rete^ 

tion obtained by direct dehydrative poly-condensation process of lactic acid and/or gtycolic add and an oxycarboxyllc 
acid. 

[0004] Japanese Patent Unexamined Publication No. 1 73746/1 992 describes a sustained-release drug-polymer com- 
plex prepared by adding a drug to a polymer mixture of a lactic acid/glycolic acid copolymer and poly-rbutyrolactone, 
IS poly-6-valeroiactone and/or poly-e-caprolaclona 

[0005] Japanese Patent Unexamined Publication No. 212423/1987 describes polymers or copolymers of esters of 
hydroxypoly carbcxylic acids such as an ethyt ester of polymalic add. 

[0006] Japanese Patent Unexamined Publication No. 92641/1988 describes p-benzylmalate • lactic acid copolymer. 
[0007] However, these are different in structure from the ester formed at a terminal cart>Qxyl group of a straight-chain 

20 polyester which essentially consists of an a-hydroxynronocartxaxylic acid. 

[0008] FR-A-2 537 980 discloses a product derived from a lactic add/glycolic acid oligomer in which the terminal car- 
boxy group is at least partially in the form of an amide group with an amino acid or an ester group with a sterol. 
[0009] CH-A-672 133 discloses an ester of a lactic add polymer or copolymer with a polyol which has at least thrM 
hydroxyl groups and a molecular weight up to 20,000. 

25 [0010] In sustained-release preparations wherein a drug is dispersed in a biodegradable polymer, it is desirable that 
drug release be controlled freely. In general, drujg release duration for a sustained-release preparation depends on the 
composition and molecular weight of the base biodegradable polymer. Initial drug release following administration of the 
sustained-release preparation is sometimes excessive, which can result in a rapidly increased local drug concentration, 
and hence a rapidly increased blood level, leading to undesirable action. There is therefore need to develop a matrix for 

30 sustained-release preparation enabling produdion of a sustained-release preparation d low i 
[0011] According to the present invention, there is provided: 

(1) A matrix for sustained-release preparation comprising a Ci.6 alkyt ester, a Ce-io aryl ester or a C7.19 aralkyi 
ester formed at a terminal (^rboxyl group of a straight chain polyester which consists of units of an <x-hydroxymono- 

35 carttoxylic acid, the polyester having a weight-average molecular weight of 1500 to 50000 vt^erein the alkyi group 

in the ester moiety may have 1 to 3 substituents selected from halogen atoms, (Cv8)alM^^ 

group, and the aryl group arKi the aralkyi group may have 1 to 3 substituents selected from halogen atoms, (C-|. 

(2) The matrix according to term (1) above, wherein the straight-chain polyester is a lactic add/glycdic acid copol- 

40 . yrnen- 

(3) The matrix according to term (1) above, wherein the ^er is a^ 

(4) The matrix according to term (3) above, wherein the alky) 

(5) A sustained-release preparation which conprises the matrix as defined in term (1) above and a biologically 
active peptide, 

45 (6) The sustained-release preparation according to term (5) above, wherein the biologically active peptide is an LH- 
RH analogue, •• 

(7) The sustained-release preparation according to term (6) above, wherein the LH-RH analogue is an Uhl-RH 
, antagonist ■ 

(8) The sustained-release preparaition according to term (5) above, wherein the biologically active peptide is a 
so cytokine, 

(9) The sustained-release preparation according to term (8) above, wherein the cytokine is an interferon, 

(10) /\n injectable preparation which comprises the sustained-release preparation as defined in term (5) above, 

(11) A C1.6 alkyl ester, a Ce-io aryl ester or a C7.19 aralkyi ester formed at a terminal cartxjxyl group of a straight 
chain polyester which consists of units of an a-hydroxymonocarboxylic acid, the polyester having a weight-average 

ss molecular weight of 1500 to 50000 wherein the all^ group in the ester nrioiety nnay have 1 to 3 substituents 
selected from halogen atoms, (Ci.8)alkyl-cartx)nyl groups and nitro group, and the aryl group and the aralkyi group 
may have 1 to 3 substituents selected from halogen atoms, (C^ .6)alkyl-carbonyl groups and nitro group, 

(12) The lester according to term (1 1) above, which is an ester formed at a terminal carboxyl group of a lactic 
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acid/glycolic add copolymer, 

(13) The ester according to term (1 1) atave, which is an alkyi ester, and 

(14) The ester according to term (13) tocve, which is aCi^ alkyi ester. 

5 DETAILED DESCRIPTION OF THE INVENTION 

[001 2] In the present specification, weight-average frK)lecular weight and number-average molecular weight are those 
in ternis of polystyrene as determined by gel permeation chromatography (GPC). Measurements were taken using a 
GPC column KF804L x 2 (produced by Showa Denko) with chloroform as a mobile phase. 
10 [0013] The dispersity is calculated by the formula: (weight-average molecular weight/number-average molecdar 
weight). 

[0014] In the present invention, the straight-chain polyester having a terminal carboxyl group essentially consists of 
an a-hydroxymonocartxsxylic acid, has the weight-average molecular weight of about 1 ,500 to atx>ut 50,000 is sparingly 
soluble or insoluble in water, is bipconpatible. and is biodegradable. 
75 [001 SI A straight-chain polyester having a terminal cartx>xyl is a straight-chain polyester in which the number-average 
molecular weight by GPC determination is almost the same as that by end-group determination. 
[0016] The number-average molecular weight ^ calculated as follov^: 

First, the polyester (atx>ut 1 to 3 g) is dissolved in a mixed solvent of acetone (25 ml) and methanol (5 ml); the solu- 
20 tion is quickly titrated with a 0.05 N alcoholic solution of potassium hydroxide while stirring at room tenperature 
(ao^'C) with phenolphthalein as an indicator to determine the cart)oxyl group content; the nunts^^verage molecu- 
lar weight by end-group determination is calculated from the following equation: 

Number-average molecular weight by end-group determination = 20,000 x A/B 

25 

where A is the weight mass (g) of the polyester, and B is the amount (ml) of the 0.05 N alcoholic potassium hydrox- 
ide solution added until the titration end point is reached. 

[001 7] This value is hereinafter referred to as the number-average molecular weight by end-group determination. 

30 [0018] For example, in the case of a polymer having a terminal carboxyl group as synthesized from one or more a- 
hydrpxymonocartx>xylic acids by catalyst-free dehydrative poly-condensation process, the number-average molecular 
weights by GPC determination and end-group determination almost agree with each other. On the other hand, in the 
case of a polyester having sut^stantially no free terminal cart)oxyl group as synthesized from a cyclic dim^ by ring- 
opening polymerization process using a catalyst, the number-average molecular weight by end-group determination is 

35 significantly higher than that by GPC determinatiori. This difference makes it possible to clearly differentiate a polyester 
having a terminal cartxocyl group from a polyester having substantially no terminal carboxyl group. 
[001 9] While the number-average molecular weight by end-group determination is an absolute value, that by GPC 
determination is a relative value that varies depending on various analytical conditions (e.g., kind of mobile ji^ase, kind 
of column, reference substance, slice widtii, baseline); it is therefore difficult to have an absolute nunierical representa- 

40 tion of both values. However, the fact that the number-average molecular weights by GPC determination and end-group 
determination almost agree with each other means that the number-average molecular weight by end-group deternv- 
nation falls within the range from atx)ut 0:4 to 2 times, preferably from about 0.5 to 2 times, and more preferably from 
about 0.8 to 1.5 times, that by GPC determination. Also, tiie fact that the number-average molecular weight by end- 
group determination is significantly higher tiian that by GPC determination means that the nunri)er-averagemolecular 

45 weight by end-group determination is over about 2 times that by GPC determination. 

[0020] The weight-average molecular weight of tiie straight-chain polyester of tiie present invention wtiich essentially . 
consists of an a-hydroxymoriocartxixylic acid (hereinafter also referred to as straight-chain polymer having a terminal 
carboxyl group) is about 1,500 to 50,000. The weight-average molecular weight is preferably about 2,000 to 40,000, 
more preferably about 5.000 to 25,000. 

50 [0021] Reference to an a-hydroxymonocart>oxytic add includes botiii a single a-hydroxymonocartxixylic add or mix- 
tures of several a-hydroKynK)nocartx]Kylic acids. 

[0022] Examples of the straight-chain polyester having a terminal carboxyl group is ah a-hydroxymonocartxjxylic 
acid(s) (e.g., glyoolic add, lactic acid, 2-hydroxybutyric acid, 2-hydrQxyvaleric add, 2-hydroxy-3-rTiethylbutyric acid, 
hydroxycaproic add, 2-hydroxyisocaproic acid, 2-hydroxycaprylic acid) in the form of a honiopolymef (e.g., lactic acid 
55 polymer), a copolymer (e.g., teictic acid/glycolic acid copolymer, 2-hydroxybutyric acid/glycolic ackj copolymer) or a mix- 
ture of these honx)pplymers and/or copolymers (e.g., mixture of lactic acid polymer and 2-hydroKybutyrk; ackl/glycolic 
acid copolymer), 

[0023] Particularly preferable straight-chain polyesters having a terminal cartx)xyl group include the lactic acid/glycolic 
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acid copolymer described In Japanese Patent Unexamined Publication No. 28521/1 986 and the mixture of (A) polylactic 
acid and (B) glycolic acid/a-hydrQxycartx>xylic acid [HOCH(C2.8 alkyl)CX)OI-1] copolymer described in Japanese Patent 
Unexamined Publication No. 112468/1993. 

[0024] For example, when a lactic acid/glycolic acid copolymer is used, the content ratio (mol%) of lactic acid/glycolic 
5 acid is preferably 100/0 to about 40/60. more preferably about 90/10to 50/50. Here, lactic acid/glycolic acid which has 
the content ratio of 100/0 means a homopolymer f lactic acid. 

[0025] The weight-average molecular weight of the lactic acid/glycolic acid copolymer is preferably about 5.000 to 
25.000, nnore preferably about 7,000 to 20,000. The dispersity of the lactic acid/glycolic acid copolymer (weight-average 
molecular weight/number-average molecular weight) is preferably about 1 .2 to 4.0. more preferably about 1 .5 to 3.5. 

10 [0026] The decomposition/elimination rate of a lactic acid/glycolic acid copolymer varies widely, depending on com- 
position or molecular weight. However, drug release duration can be extended by lowering the glycolic acid ratio or 
increasing the molecular weight, since decomposition/elimination is delayed as the glycolic acid ratio decreases. Con- 
versely, drug release duration can be shortened by increasing the glycolic acid ratio or decreasing the molecular weight. 
[0027] For example, when a mixture of (A) polylactic acid and (B) glycolic acid/a-hydroxycarboxylic acid [HOCHCCg. 

IS 3 alkyl)COOH] copolymer is used, the hydroxycarboxylic acid is preferably 2-hydroxybutyric acid, 2-hydroxyvaleric add, 
2-hydr6xy-3-methylbutyric acid. 2-hydroxycaproic acid, or the like, with greater preference given to 2-hydroxybutyric 
acid. Although the hydroxycart)oxylic acid may be of the D-. L- or D,L-configuration. it is preferable to use a mixture of 
the D- and L-configurations. In such case, the ratio of the D-/L-configuration (mol%) preferably falls within the range 
from about 75/25 to 25/75. more preferably from about 60/40 to 40/60, and still more preferably from about 55/45 to 

20 45/55. 

[0028] With respect to the glycolic acid/a-hydroxycartK)xylic acid IHOCH(C2.8 alkyl)COOH] copolymer (hereinafter 
glycolic acid copolymer), it is preferable that the content ratio of glycolic acid to hydroxycarboxylic acid is about 1 0 to 75 
mol%, more preferat>ly about 20 to 75 mol%. The weight-average molecular weight of the above-described glycolic acid 
copolymer is normally about 2,000 to 50.000. preferably atx)ut 3.000 to 40,000, and more preferably about 8,000 to 
25 40.000. The dispersity of the glycolic acid copolymer (weight-average molecular weight/number-average molecular 
weight) is preferably about 1 .2 to 4.0, more preferably about 1 .5 to 3.5. 

[0029] Although the above-described polylactic acid may be of the D- or L-conf iguration or a mixture thereof, it is pref- 
erable to use a mixture of the D- and L-configurations. The ratio of the D-/L-conf iguration (mol%) preferably falls within 
the range from about 75/25 to 20/80. more preferably from about 60/40 to 25/75, and still more preferably from about 
30 55/45 to 25/75. The weight-average molecular weight of the polylactic acid is preferably about 1.500 to 30.000. more 
preferably about 2.000 to 20.000. and still more preferably about 3,000 to 15,000. The dispersity of the polylactic acid 
(weight-average molecular weight/number-average molecular weight) is preferably about 1.2 to 4.0. more preferably 
about 1.5 to 3.5. 

[0030] The mixing ratio of (A) polylactic add and (B) glycolic acid copolymer [(A)/(6) (weight%)] is normally about 
35 10/90 to 90/10. preferably about 20/80 to 80/20. and more preferably about 30/70 to 70/30. If component (A) or (B) is in 
excess, the preparation obtained shows nothing more than almost the same drug release pattern as obtained with com- 
ponent (A) or (B) alone; zero order release pattern owing to the mixed matrix is not obtained in the latter phase of drug 
release. The decomposition/elimination rates of glycolic acid copolymer and polylactic add vary widely, depending on 
connposition or molecular weight However, drug release duration can be extended by increasing the molecular weight 
40 of the polylactic add or the mixing ratio (A)/(B). since the decomposition/elimination rate of glycolic acid copolymer is 
usually higher than that of polylactic acid. Conversely, drug release duration can be shortened by decreasing the molec- 
ular weight of polylactic acid or mixing ratio (A)/(B). Drug release duration can also be adjusted by altering the kind and 
content ratio of hydroxycartK>xylic acid used. 

[0031] The ester formed at the terminal carboxyl group is exemplified by pharmacologically acceptable esters and 

45 include alkyi esters, aryt esters, aralkyl esters. 

[0032] Here, alkyi esters are exemplified by esters of alkyi groups having 1 to 6 carbon atoms, such as methyl, ethyl, 
n-propyl, isopropyl. n-butyl. isobutyl. sec-butyl, tert-butyl. n-pentyl, isopentyl. sec-pentyl. neo-pentyl. tert-pentyl. 1 -ethyl- 
propyl, n-h®(yl, isohexyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl and 2-ethylbutyl. which alkyi groups 
may have 1 to 3 substituents selected from halogen atoms such as chlorine, bromine and fluorine, (C^8)3ll^l'Carbonyl 

50 groups such as methylcarbonyl. ethylcarbonyl and butylcarbonyl, and the nitro group. 

[0033] Examples of aryl esters indude esters of aryl groups having 6 to 1 0 carbon atoms, such as phenyl and naph- 
thyl, which aryl groups may have 1 to 3 substituents selected from halogen atoms such as chlorine, bromine and fluo- 
rine, (Ci.6)a'M-<»rtx)ny* groups such as methylcarbonyl. ethylcarbonyl and butylcarbonyl, and the nitro group. 
[0034] Examples of aralkyi esters include esters of aralkyi groups having 7 to 19 carbon atoms, such as benzyl, phe- 

65 nylethyl, naphthylmethyl and trityl. which aralkyi groups may have 1 to 3 substituents selected from halogen atoms such 
as chlorine, bromine and fluorine. (Ci.6)alkyi-cartx)nyl groups such as methylcarbonyl. ethylcarbonyl and butylcarbonyl, 
and the nitro group. 

[0035] The ester formed at the terminal carboxyl group is preferably an alkyi ester. More preferable esters are esters 
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of alkyi groups having 1 1 6 cart)on atoms, such as methyl, ethyl, n-propyl. isopropyl. n-butyl. isobutyl, sec-butyl, tert- 
butyl, n-pentyi, isopentyl, sec-perttyl, neopentyl. tert-perrtyl, 1-ethy^ropyl, n-hexyl, Isohexyl, Llndimelhylbutyl, 2,2- 
dimethylbutyl, 3.3-dimethylbutyl and 2-ethylbutyl. which all^ groups may have 1 to 3 substituents selected from (Cv 
s)B\kfi<atborxy\ groups such as methytcarfoonyl, ethylcart>onyl and butylcart>onyl, and the nrtro group. 
5 [0036] Particularly preferabl esters include esters of alky! groups having 1 to 3 carbon atoms, such as methyl, ethyl, 
n-propyl and isopropyl. 

[0037] The ester of the present invention is produced by esterifying the terminal cart>oxyl group of a straight-chain 
polyester which essentially consists of an a-hydroxymonocartx^cylic acid and has the weight-average molecular weight 
of about 1 ,500 to about 50,000 (hereinafter also referred to as starting polymer). This esterif ication is earned out by 
10 sfi known methods as follows: 

(1) The starting polymer is reacted in a mixture of a diazoalkane (ag., diazomethane, phenykiiazcmethane, diphe^ 
nyldiazomethane) and a solvent that does not Interfere with the reaction (e.g., ether such as tetrahydrofuran or diox- 
ane, ester such as ethyl acetate, nitrile such as acetonitrile, halogenated hydrocartx)n such as dic^loromethane or 

75 dichtoroethane). Reaction temperature is about O^'C to refluxing temperature. Reaction time is about 2 minutes to 
20 hours. 

(2) An alkali metal salt (e.g., sodium salt potassium salt, lithium salt] of the starting polymer is reacted with an acti- 
vated alkyl halide (e.g.. methyl iodide, benzyl bromide, p-nttro-benzyl bromide, m-phenoxybenzyi bromide, p-t- 
butylbenzyl bromide, pivaloytoxymethyl chloride). This reaction is canrled out in a solvent that does not interfere with 

20 the reaction (e.g., amide such as dimethyKamamide. dimethytacetamide or hexamethylphosphoramide, ketone 
such as acetone). Reaction temperature is about 0 to SC'C. Reaction time is about 2 minutes to 4 hours. The reac- 
tion is not hanpered even in the presence of triethylamine etc. in the reaction mixture. 

(3) The starting polymer is reacted with an alcohol, such as methanol, ethanol or benzyl alcohol. This reaction is 
carried out in the presence of a cartxxliimide as a condensing agent (e.g., dicyclohexylcartxxliimide, 1-ethyl-3-(3- 

25 dimethylaminoisopropyiy-carbodiimtde). Reaction tenperature is about O^'C to refluxing temperature. Reaction time 
is about 15 minutes tp 18 hours. Solvents that do not interfere with the reaction are used, including halogenated 
hydrocarbons, such as chloroform, dichloromethane and dichloroethane. 

(4) The starting polymer is reacted with an acid halide (e.g., ethyl chloroformate. benzyl chloroformate); the result- 
ing acid anhydrkle is reacted with an alcohol (e.g., methanol, ethanol, benzyl alcohol) under the conditions 

30 desaibed in term (3) above. This ackj anhydride is obtained by reacting the starting polymer with an add halide, 
such as an iacid chloride, in a solvent that does not interfere with the reaction (e.g., ether such as tetrahydrofuran. 
halogenated hydrocartx>n such as dichloromethane). Reaction temperature is ak>out 25*'C to refluxing temperature. 
Reaction time \s about 15 minutes to 10 hours. 

35 [0038] The ester of the present invention is used as a matrix for sustained-release preparations, such as microcap- 
sules. 

[0039] With respect to the ester of the present invention, there is almost no hydrogen bond between cartx>xyl groups 
amJ almost no reaction between basic drug and terminal cartxsxyl group. Therefore, in a sustained-release preparation 
produced by using this ester, initial drug release immediately following administration is suppressed, by delay of water 

40 penneatlon Into the preparation and other reasons, due to increased base hydrophobicrty. And further, the niatrtx for 
sustained-release preparation comprising the ester of the present invention is advantageously used as a matrix for sus- 
tained-release preparation capable of releasir^ a drug over an extended period of time, because the matrix is rather 
slow in the rate of hydrolysis than a matrix for sustained-release preparation consisting of a straight-chain polyester 
having a terminal carkxixyl group. 

45 [0040] It is preferable that, as a matrix for sustained-release preparation, the ester of the present inventicln be used 
in combination with a straight-chain polyester having a terminal cartxsxyl group. Here, the straight-chain polyester hav- . 
ing atennlnal carisoxyl group is ideritical with that described above. The mixing ratio by weight is normally about 100/0 
to 5/95, preferat)ly about 100/0 to 30/70, arKJ nfK)re preferably at)out 100/0 to 50/5^^ 

[0041] Both the ester of the present Invention (C) and the straight-chain polyester having a terminal carboxyl group 
so (D), and used in combination therewith, may be a copolymer or homopolymer. Also, 3 or more stgraight-chain polyes- 
ters, e.g., 1 kind of (C) and 2 kinds of (D), may be used in combination. The kirKl, weight-average molecular weight, dis- 
persion value and other factors of the stralghtK^hain polyester having a terminal cart^oxyl group, and the kind, weight- 
average molecular weight and other fectors of the ester of the present invention, are chosen to obtain the desired drug 
release duration and to satisfactorily suppress excess initial drug release following 
55 [0042] A typical example of such combination is the combination of a lactic acid/glycolic add copolymer having an 
alkyl-esterifled terminal carixxxyt group (E) and a lactic acid/glycotic acid cc^lymer having a terminal cart)oxyj group 
(F). The ratio by weight of (E) and (F) is normally about 100/0 to 5/95. preferably about 100/0 to 20/80, and more pref- 
erably about 1 00/0 to 50/50. Components (E) ar^ (F) may or may not have the same lactic add/glycdic add ratio, and 
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may or rray not have the same weight-average molecular weight. 

[0043] Another typical example is the combination of a pplylactic add having an alkyl-esterif ied terminal carboxyl 
group (G) and a glycolic acid/2-hydroxybutyric acid copolymer having a terminal carboxyl group (H). The ratio by weight 
of (G) and (H) is normally about 1 00/0 to 5/95, preferably about 1 00/0 to 20/80, and more preferably fr m akx)ut 1 00/0 
5 to 50/50. Components (G) and (H) may or may not have the same weight-average molecular weight. 

[0044] The matrix for sustained-release preparation comprising the ester of the present inventi n is prepared as a 
sustained-release preparation using a given drug. 

[0045] Useful drugs include, but are not limited to, biologically active peptides, antitumor agents, antibiotics, antipy- 
retic analgesic anti-inflammatory agents, antitussive expectorants, sedatives, muscle relaxants, antiepileptics, antiulcer 
10 agents, antidepressants, anti-allergic agents, cardiotonics, antiarrhythmic agents, vasodilators, hypotensive diuretics, 
antidiabetics, anticoagulants, hemostatics, antituberculosis drugs, hormones, narcotic antagonists, osteoporosis rem- 
edies and angiogenesis inhibitors. 

[0046] Biologically active peptides consisting of 2 or more amino acids and having a molecular weight of about 200 
to 80,000 are prefen-ed. 

IS [0047] Examples of biologically active peptides include luteinizing hormone-releasing hormone (LH-RH) and similarly 
acting analogs, such as the peptide represented by the following formula [I]: 

(Pyr)Glu-RrTrp-Ser-R2-R3-R4-Arg-Pro-R5 [I] 

20 wherein Ri represents His, Tyr, Trp or p-NH2-Phe; R2 represents Tyr or Phe; R3 represents Gly or a D-type amino acid 
residue; R4 represents Leu, lie or NIe; R5 represents Gly-NH-Rg (Re is H or a lower alkyi group with or without a 
hydroxyl group) or NH-Re (Re has the same definition as defined above), or a salt thereof [see US Patent Nos. 
3,853,837, 4.008.209 and 3.972,859, British Patent No. 1 .423.083. Proceedings of the National Academy of Science of 
the United States of America. Vol. 78. pp. 6509-6512 (1981)]. 

25 [0048] With respect to formula [G above, the D-type amino acid residueforRs is exemplified by a-D-amino adds hav^ 
ing up to 9 carbon atoms (e.g.. D-Leu, lie. NIe, Val, Nval, Abu. Phe. Phg, Ser. Thr, Met. Ala, Trp, a-Aibu). These amino 
acid residues may have a protecting group (e.g., t-butyl, t-butoxy, t-butoxycarbonyl) as appropriate. Acid salts (e.g., car- 
bonate, bicarbonate, acetate, propionate) and metal complex compounds (e.g., copper complex, zinc complex) of pep- 
tide [G can also be used as is peptide [I]. 

30 [0049] Abbreviations for amino adds, protecting groups and others in the peptide represented by formula [I] and the 
fbllowing peptides are based on abbreviations specified by the lUPAC-lUB Commission on Biochemical Nomendature 
or abbreviations in comnwn use in relevant fields. When an optical isomer may be present in amino acid, it is of the L- 
configuration. unless othenvise stated. 

[0050] A representative compound of formula [I] above is a peptide having His for Ri , Tyr for R2, D-Leu for R3. Leu 
toasTAP-144). 

[0051] LH-RH analogs indude LH-RH antagonists (see US Patent Nos. 4.086,219, 4.124.577, 4.253.997 and 
4,317,815). 

[0052] Examples of biologically active peptides include cytokines, such as lymphokines and monokines. Examples of 
40 lymphokines indude interferons (alpha, beta, gamma) and interleukins (IL-2 through IL-12). Examples of monokines 
indude an interleukin (IL-1) and tumor necrosis factor (TNF). Preferable cytokines are lymphokines, with greater pref- 
erence given to interferons (alpha, beta, gamma). 

[0053] Examples of biologically active peptides indude insulin, soniatostatin, somatostatin derivatives (see US Patent 
Nos. 4,087,390. 4.093,574, 4,100,117 and 4,253,998), growth hormones, prolactin, adrenocorticotropic hormone 

45 (ACTH), melanocyte-stimulating hormone (MSH), thyroid hormone-releasing hormone [represented by the structural 
formula (Pyr)Glu-His-ProNH2. hereinafter also referred to as TRH] and salts and derivatives thereof (see Japanese Pat- 
ent Unexamined Publication Nos. 121273/1975 and 1 16465/1977), thyroid-stimulating hormone (TSH). luteinizing hor- 
mone (LH), follide-stimulating hornrone (FSH), vasopressin, vasopressin derivatives [desmopressin, see Folia 
Endocrinologica Japonica. Vol. 54, No. 5. pp. 676-691 (1978)], oxytodn. calcitonin, parathyroid hormone, glucagon, 

50 gastrin, secretin, pancreozymin, chdecystokinin, angiotensin, human placental lactogen, human chorionic gonadotro- 
pin (HCG). enkephalin, enkephalin derivatives (see US Patent No. 4,277,394 and European Patent Publication No. 
31567), endorphin, kyotorphin, tuftsin, thymopoietin, thymosin, thymostimulin. thymic humoral factor (THF), blood 
thymic factor (FTS) and derivatives thereof (see US Patent No. 4,229.438). other thymic factors [Igaku no Ayumi, Vol. 
125, No. 10. pp. 835-843 (1983)]. colony-stimulating factor (CSF), motilin. daynorphin, bombesin, neurotensin, caer- 

65 ulein, bradyWnin, urokinase, asparaginase, kallikrein. substance P. nerve growth factor, cell growth factor, nerve nutri- 
tion fador, blood coagulati n factors VIII and IX, lysozyme chloride, pdymixin B, colistin, gramicidin, bacitradn, 
erythropoietin (EPO). thrombopoietin, endothelin-antagonistic peptides (see European Patent Publication Nos. 
436189. 4571 95 and 496452. and Japanese Patent Unexamined Publication Nos. 94692/1991 and 130299/1991). frag- 
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merits of these biologically active peptides arx^ 

[0054] Examples of antituTOragems include bleomycin, methotrexat 

vincrystin sulfate, daunorubidn, adriamycin. neocartinostat'n, cytosinearabinoside. ftuorouracil. tetrahydrofuryl-5-fluor- 
ouradl, krestin. Picibanil, lentinan. levamisole, Bestatin, adimexon, glycyrrhizin, polyhC, polyA:U and poIylCLC. 

B [0055] Exam^es of antbiotics include gentamidn, dibekacin. Kanendomycin. lividomydn. tobramycin, amikacin, fra- 
diomydn, sisomydn, tetracydine fiydrodiloride, oxytetracydine hydrochloride, rolitetracydine, doxycydine hydrochlo- 
ride, ampidllin, piperadliin, ticarcillin, cefalothin, cefaloridine, cefotiam, cefsulodin. cefmenoxime, cefmetazole, 
cefazdin. cefotaxime, cefoperazon, ceftizoxime, mochisalactam, thienamydn, sulfazedn and aztreonam. 
[0056] Examples of antipyretic analgesic anti-inflammatory agents indude salicylic add, sulpyrine. flufenamic add. 

10 diclofenac, indomethacin, morphine, pethkline hydrochloride, levorphanol tartrate and oxymorphone. 

[0057] Exanples of antitussive expectorants include ephedrine hydrochloride, methylephedrine hydrochloride, 
noscapine hydrochloride, codeine phosphate, dihydrocodeine phosphate, allocramide hydrochloride, clofedanol hydro- 
chloride, picoperidamine hydrochloride, chloperastine, protokylol hydrochloride, isoproterenol hydrochloride, sulbuta- 
mol sulfate and terbutaline sulfata 

75 [0058] Examples of sedatives include chlorpromazine. prochlorperazine, trifluoperazine, atropine sulfate and meth- 
ylsco^amine bromide. 

[0059] Exanples of musde relaxants indude pridinol methanesuHonate. tubocurarine chloride and pancuronium bro- 
mida 

[0060] Exanples of antiepileptics include phenytoin, ethosuximtde, acetazolamide sodium and chlordiazepoxide. 
20 [0061 ] Examples of antiulcer agents indude metoclopramide and histidine hydrochloride. 

[0062] Examples of antidepressants indude imipramine. domipramine. noxiptiline and phenerdine sulfate. 
[0063] Exanr^les of anti-allergic agents include diphenhydramine hydrochloride, chlorpheniramine maleate. tripelena- 
mine hydrochloride, metodirazine hydrochloride, demizole hydrochloride, diphenylpyraline hydrochlaide and methoxy- 
phenamine hydrochloride. 

25 [0064] Examples of cardiotonics include trans-n-oxocamphor, theophyllol. aminophylline and etilefrine hydrochloride. 
[0065] Examples of antiarrhythmic ag^s include propranolol, aiprenolol. bufetotot and oxprenold. 
[0066] Examples of vasodilators indude oxyfedrine hydrochloride, dittiazem, tolazoline hydrochlaide. hexobendine 
and bamethan sulfata 

[0067] Examples of hypotensive diuretics include hexamethonium bromide, pentolinium. mecamylamine hydrochlo- 
30 ride, ecarazine hydrochloride arid clonidlne. 

[0068] Exanrples of arttidiabetics indude glymkline sodium, glipizide, fenformin hydrochloride, buformin hydrochloride 
arKi metformin. 

[0069] Examples of anticoagulants include heparin sodium and sodium citrate. 

[0070] Examples of henrK)lytics include thromboplastin, thrombin, menadione sodium hydrogen sulfite, acetomenaph- 
35 thone, e-aminocaproic add, tranexamic add, cart)azochrome sodium sulfonate and adrenochrome monoaniinoguahl- 
dine methanesutfonata 

[0071] Exanriples of antituberculosis agents IncliKJe isoniazid, ethanributol and p-ami 

[0072] Examples of hormones include predonizolone. predonizolone sodium phosphate, dexamethasone sodium sul- 
fate, betamethasone sodium phosphate, hexestrol phosphate, hexestrol acetate and methimazole. 
40 [0073] Exanrples of narcotic antagonists include levallorphan tartrate, nalorphine hydrochloride and naloxone hydro- 
chloride. 

[0074] Examples of osteoporosis remedies include (sulfur-containing alkyljaminomethylenebisphosphonic acid. 
[0075] Examples of angiogenesis suppressors indude angiogenesis-suppressing steroid [see Sdence, Vol. 221 , p. 
719 (1983)], fumagillin (see European Paterit Publication No. 325119) and fumagillol derivatives (see European Patent 

45 Publication Nos. 357061 , 359036. 386667 and 415294)! 

[0076] The above-desaibed drugs may be used as such or as salts, preferably pharmacologically acceptable salts. 
Such salts indude salts formed with inorganic adds (e.g., hydrochloric acid, sulfuric acid, nitric acid), organic aclcte 
(e.g., carbonic acid, succinic acid, acetic acid, propionic acid, trifluoroacetic acid) etc., when the drug has a basic group, 
such as the amino grojp. When the drug has an acidic group, such as the carboxyl group, such salts indude salts 

so formed with Inorganic bases (e.g.. alkali metals sudi as sodium and potassium, alkaline earth metals such as caldum 
and magnesium), organic bases (e.g., organic amines such as triethylamine and basic amino adds such as arginine) 
etc. The drug may form a metal conplex compound (e.g., copper complex, zinc conplex)^ 

[0077] Since water-soluble drugs often show excess initial release, it is preferable to use a water-soluble drug for the 
present Invention. The water solubility of a drug is defined as the n-octanol oil-water distribution ratio. It is preferable to 
55 use a drug whose oil-water distribution ratio is not higher than 1 , preferably not higher than 0. 1 . 

[0078] Oil-water distribution rates can be determined by the method described in "Butsuri Kagaku Jikkenho," by Jit- 
susaburo Samejima. published by Shokabo. 1961 . Specifically, n-octanol and a buffer of pH 5.5 (1 :1 by volume mixtur ) 
are placed in a test tube. The buffer is exemplified by Soerenzen buffer [Ergebnisse Der Physiology, 12. 3^ (1912)]. 
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Clark-lojbs buffer [Journal of Bacteriology, g (1), 109. 191 (1917)], l^adlvaine buffer [Journal of Biological Chemistry, 
49. 183, (1921)]. Michaelis buffer [Die Wassers4offionenkonzentration. p. 186 (1914)] and Kolthoff buffer [Bioche- 
mische Zeitschrift. 1^. 410 (1926)]. An appropriate amount f such a drug is placed in the test tube, which is then stop- 
pered and immersed in a constant-temperature chamber (25"C) with occasional vigorous shaking. When the drug 
appears to have dissolved in both liquid phases to reach an equilibrium, the liquid mixture is kept standing or centri- 
f uged; a given amount is pipetted from each of the upper and lower layers, and analyzed for drug concentration in each 
layer, to obtain the ratio of the drug concentration in the n-octanol layer to that in the water layer for the oil-water distri- 
bution rate. 

[0079] Preferable drugs are biologically active peptides, more preferably LH-RH analogs or cytokines. Particularly 
preferable drugs include LH-RH antagonists and interferons (alpha, beta, gamma). 

[0080] Examples of LH-RH antagonists include peptides and salts thereof, that are effective in treating hornrrone- 
dependent diseases, such as prostatic cancer, prostatic hypertrophy, endometriosis, uterine myoma, precocious 
puberty and breast cancer, and in contraception, including the peptides and salts thereof, that are described in US Pat- 
ent No. 5,1 10,904. the Journal of Medicinal Chemistry, Vol. 34, pp. 2395-2402(1991) and Recent Results in Cancer 
Research. Vol. 124, pp. 113-136(1992). 

[0081] More specif icalty. LH-RH antagonists are exemplified by the peptides represented by general formula [II]: 

^H(CH3)2 

CHj-Ri CH2.R2 CHj-OH CH2.R4 CHa-Rs CHj CHrR* nil 

' 'I II I I 

X-NH-CH-CO-NH" CH-CO.R3-NH-CH-CO.N. CH-CO-NH- CH-CO-NH- CH-CO-NH-CH-CO-N-CH-CO-RrNHj 
(D) (D) I (D) 

Q- ■ 

wherein X represents an acyl group; R^, R2 and R4 independently represent an aromatic cyclic group; R3 represents a 
D-amino acid residue or a group represented by the formula: 

(jIH2-R3' 

-^H-CH-CO- 

(R3' represents a heterocyclic group); R5 represents a group represented by the formula -(CH2)n-R5 (n is 2 or 3, R5' is 
an amino group which may be substituted), an aromatic cyclic group or an 0-glycosyl group; Rg represents a group rep- 
resented by the formula -(CH2)n-R6' (n is 2 or 3. Rs 's an amino group which may be substituted); R7 represents a D- 
amino add residue or an azaglycyl group; Q represents a hydrogen atom or a lower atkyi group, and salts thereof. 
[0082] With respect to general formula [IQ, the acyl group for X is preferably one derived from a cartxwylic acid. Said 
acyl group is exemplified by C2.7 alkanoyi groups. C7.15 cycloalkenoyi groups (e.g., cydohexenpyO, C1.6 alkylcart>amoyl 
groups (e.g.. ethylcarbamoyi), 5-a e-membered heterocydic carbonyl groups (e.g.. piperidinocartjonyl) and cait)amc^ 
groups; these groups may be substituted. 

[0083] The acyl group is preferably a C2.7 alkanoyi group which may be substituted (e.g., acetyl, propionyl. butyryl. 
isobutyryl, pentanpyl, hexanoyl. heptanoyl). more preferably a Cg^ alkanoyi group which may be substituted (e.g.. 
acetyl, propionyl. butyryl. isdbutyryl). Examples of substituents indude C<t.6 alkylamino groups (e.g., methylamino, 
ethylamino, diethylamino. propylamino).:C<|.3 alkanoylamino groups (e.g.. formylamino, acetylamino. propionylamino). 
C7.15 cycloalkenoylamino groups (e.g.. cydohexenoylamino), C7.15 arylcarbonylamino groups (e.g., benzdylamino), 5- 
or 6-membered heterocyclic carboxamide groups (e.g., tetrahydrofurylcarboxamide. pyridylcarboxamide, furylcart>oxa- 
mide), the hydroxyl group, cart)ampyl group, formyl group, carboxyl group, and 5- or 6-membered heterocydic groups 
(e.g.. pyridyl, morpholino). Preferable substituents include 5- or 6-menlbered heterocyclic carboxamde groups (e.g.. 
tetrahydrdurylcartx)xamkJe, pyridylcartx>xamkJe. furylcartx>xanfiide). 

[0084] X is preferably a C2.7 alkanoyi group which may be substituted by a 5- or 6-membered heterocyclic cart>oxa- 
mide group, more preferably a Ca^ alkanoyi group which may be substituted by a tetrahydrofurylcarboxamide group. 
Specif ically, X is exemplified tiy acetyl and 
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I I-CONHCH2CO- 

(tetrahydrofurylcart>6xamidoacetyl). 

[0085] The tetrahydrof uryl group in the tetrahydrofurytcarboxamidoacetyl described above is preferably (2S)-t6trahy- 
drofuryl group; 

10 [0086] The aromatic cyclic group for R^. R2 or R4 is exemplified by aromatic cyclic groups having 6 to 14 cartx>n 
atoms. Such groups include phenyl, naphthyl and anthryl, with preference given to aromatic cyclic groups having 6 to 
10 cart)on atoms, such as phenyl and naphthyt. These aromatic cyclic groups may have 1 to 5, preferably 1 to 3, appro^ 
priate substituents at appropriate positions thereon. Such si^stituents include the hydroxyl group, halogens, amino 
groups sut}strtuted by aminotriazolyl, arKt alkoxy groups, with preference given to the hydroxyl group, halogens, and 

75 amino groips substituted by aminotriazolyl. 

[0087] Here, exanrples of halogens include fluorine, chlorine, bromine and iodine. 

[0088] The aminotriazolyl group as a substituent for the amino group is exemplified by 3-amino-1 H-1 ,2,4-triazol*5-yl, 
5-amino-1 H-1 ,3.4-triazol-2-yl, 5-amino-1 H-1 .2.4-tria20l-3-yl, 3-amino-2H-1 ,2,4-triazol-5-yl, 4-amino-1 H-1 ,2,3-triazol-5- 
yl and 4-amino-2H-1 ,2,3-triazol-5-yl. 
20 [0089] The alkoxy group is preferably an alkoxy group having 1 to 6 cartx>n atoms (e.g.. methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, isot)utQxy). 

[0090] More preferably, Ri is a naphthyl group or halogenophenyl group. R2 is more preferably a halogenophenyl. R4 

is wore preferably a hydroxyphenyl group or a phenyl group substituted by aminotriazolylamirKX 

[0091] The D-aminoadd residue for R3 is preferably an a-D-amino acid residue having 3 to 1 2 caiten atoms. Such 

25 amino acids include leucine, isoleudne. norleucine, valine, norvaline, 2-aminobutyric add. phenylalanine, serine, thre- 
onine, methionine, alanine, tryptophan and aminoisobutyric acid. These amino acids may have protecting groups (e.g., 
those in common use in relevant technical fields, such as t4xjtyl, t-butoxy. t-txjtoxycartxxiyl) as appropriate. 
[0092] the heterocydic group for R3' is a 5- or 6-membered heterocyclic group which contains 1 or 2 hetero atoms 
of nitrogen or sulfur and which may be condensed with a benzene ring. Such heterocydic groups indude thienyl, pyr- 

30 rolyl. thiazolyl, isothiazolyl. imtdazolyl, pyrazolyl, pyrldyl. S-pyrkiyl, pyridazinyl, pyrimidinyl, pyrazinyl, 3-benzo[b]thienyl, 
3-benzb[b]-3-tiiienyl, indolyl, 2-indolyl, isoindolyl, 1 H-indazdyl, benzimidazolyl, benzothiazolyl, quinolyl and isoquinplyl. 
It is particularly preferable that R3 be pyrldyl or 3-benzo[b]thienyl. 

[0093] The aromatic cydic group for R5 is identical with that defined for R^. R2 or R4 above. This aromatic cydic group 
may have 1 to 5, preferably 1 to 3, appropriate substituents at appropriate positions thereon. Such substituents are 

35 identical witii those defined for Ri, R2 or R4 above, Amino groups substituted by aminotriazolyl are preferred. 

[0094] The glycosyl group in tiie O-glycosyl group for R5 is preferably a hexose or derivative group thereof. Examples 
of hexoses include D-glucose, D-f ructose, D-mannose. D-galactose and L-galactose. Such derivatives include deoxy 
sugars (e.g., L- and 0-fucose, D-quinovose, L-rhamnose) and amino sugars (e.g., D-glucosamine, D-galactosamine). 
Deoxy sugars (e.g., L- and D-fuoose. D-quinoyose. L-rhamnose) are prefen-ed, witii greater preference given to L-rham- 

40 nose. 

[0095] Sid3stituents in the amino group for R5* which may be substituted are exemplified by acyl groups, cart>amoyl 
groups, carbazoyi groups which may be substituted by an acyl group, and amidino groups which may be niono^ or di- 
substituted by an alkyi, 

[0096] The above-desaibed acyl group and the acyl group in the carbazoyi group which may be substituted an 
45 acyl group are exenplified by nicotinoyi, furoyi arxl thenoyl. 

[0097] The alkyi group in the mono- or di-alkylamidino group is a straight-chain or branched alkyi group having 1 to 4 ; 
cart)on atoms. Such alkyi groups indude metiiyl, ettiyl, propyl, isppropyl, butyl, isobutyt. sec-bu^ and tert-butyl. with 
preference given to the methyl group and ethyl group. 

[0098] Substituents in the amino group for R5* which may be substituted indude alkyi groups, arxJ amidino groups 
so which may be mono- or di-substituted by an alkyi; 

[0099] The above-described alkyi group and the alkyi group in the mono- or di-alkylamkJino group are identical with 
the alkyi groups defined for R5 above. 

[01 00] The D-amino acid residue for R7, preferably a D-amino acid residue having 3 to 9 cat1x)n atoms, is exemplified 
by D-alanyl, D-leucyl, D-valyl, D-isoleucyl and D-f^enylalanyl. D-amino acid residues having 3 to 6 cartxxi atoms, such 
55 as D-alanyl and D-valyl, are more preferable. 
[0101] Still more preferably, R7 is D-alanyl. 

[0102] The lower alkyt group for Q is kJentical with the alkyi group defined for R5 above. Preferably. Q is the methyl 
group 
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Ri 18 exemplified as follows: 




R2 is exemplified as follows: 




R3 Is exemplified as follows: 



-NH--CH-<;0— 
(D) 



CHr 



-NH-CH-CO— 
(D) 



R4 is exemplified as follows: 



N_^NH2 



N-N 
H 



R5 Is exemplified as follows: 



-(CH2)3-NHCO-/ 7 -(CH2)3-NH-CO-NH-NH-CO 



MCH2)3-NH-CO-NH-NH-<;0-f^ 
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-(CH2)3-NH2. 
-(CH2)2-NH-CO-NH2. 
•(CH2)3-NH-CO-NH2. 



NC2H6 
II 

-(CH2)3-NH-C-NH-C2H5 , 



H 




OH OH 



Re i8 exemplified as tollows: 



CH3 



-(CH2)3-NH-CH 




NH 

II 

-(CH2)2-NH-C-NH2 , 



NC2H6 
II 

-(CH2)3-NH-C-NH-C2H6 



R7 is exenplif ied as follows: 



H3 



-NH-€H -CO- 
CD) 



H 
I 

-NH-N-CO- 



[0103] When peptide [iq has one or more kinds of asymmetric carbon atoms, two or more optical isomers are present. 
Such optical isomers and mixtures thereof are also included in the scope of the present invention. 
[0104] Peptides represented by general formula [II] can be produced by Qgr known methods. Exarrple production 
of such peptides is described in US Patent No. 5, 1 1 0.904 and other publications. 

[0105] Peptide [II] may be used as a salt, preferably a pharmacologically acceptable salt. Such salts include salts 
formed with inorganic acids (e.g., hydrochloric acid, sulfuric acid, nitric add), organic adds (e.g.. cartx)nic add. bicar- 
bonlc acid, succinic acid, acetic add, propionic acid, trifluoroacetic acid) etc.. when the peptide has a basic group, such . 
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as an amino groiip. When the peptide has an acidic group, such as a carboxyl group, such salts include salts fdrnied 
with inorganic bases (e.g.. alkali metals such as sodium and potassium, and alkaline earth metals such as calcium and 
magnesium), organic bases ( .g., organic amines such as triethylamine. and basic amino acids such as arginine) etc. 
The peptide may form a metal conplex compound (e.g.. copper complex, zinc complex), 
s [0106] Preferably, the salt of peptide [II] is a salt formed witii an organic acid (e.g.. carbonic acid, bicarix)nic acid, suc- 
cinic acid, acetic acid, propionic acid, trifluoroacetic acid), with greater preference given t a salt formed with acetic 
■/ acid: ... 
[0107] Examples of particulady preferable peptide [II] and salts thereof are given bdo^^ 

10 (1)NAcD2Nal-D4CIPhe-D3Pai-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Nisp)-Pro-DAIaNH2 0^ 

(2) NAcD2Nal-D4CIPhe-D3Pal"Ser-NMeTyr-DLys(AzaglyNic)-Leu-Lys(Nisp)-Pro-DAI^ 

(3) NAcD2Nal-D4aPhe-D3Pal-Ser-NMeTyr-DLys(AzaglyFur)-Leu-Lys(Nisp)-Pro-DAIaNH2 or its acetate 



IS 



20 



25 



35 



(4) r~)-CONHCH2COD2Nal— D4ClPhe-D3Pal-Ser-NMeTyr-D^ 

Leu-Lys(Nisp)-Pro-DAlaNH2 or its acetate 

(5)NAcD2Nal-D4CIPhe-D3Pal-Ser-Tyr-DhArg(Et2)-Leu-hArg(Et2)-Pro-DAIaNH2 
or its acetate 

[0108] Abbreviations used in the present specification are defined as follows: 



NAcD2Nal : N-acetyl-D-3-(2-naphthyl)alanyl 

D4GIPhe : D-3-(4-ch|orophenyl)alar^ 

D3Pal : D-3-(3-pyridyI)alar^ 

NMeTyr : N-methyJtyrosyl 

30 PLys(Nic) : D-(epsilon-N-niootinoyl)lysyl 

Lys(Nlsp) : (epsilon-N-isopropyf)lysyl 

DLys(AzaglyNic) : D-[1-aza-(N-nicotinoyi}glycyl]ly8yt 

DLys(AzaglyFur) : D-[l -aza-(N-2-f uroyl>gly(^ly8yl 

DhArg(Et2) : D-(N,N*-diethyOhomoarginyl 



[0109] With respect to the sustained-release preparation of the present invention, the drug content ratio, although var- 
ying depending on the kind of the drug, desired pharmacologic effect, duration of effective period and other factors, is 
preferably about 0.01 to 50% (w/w), more preferably about 0. 1 to 40% (w/w), and nrore preferably about 1 to 30% (wAw), 
relative to the base ester. 

40 [0110] The sustained-release preparation of the present invention, in the form of microcapsules, for instance, can be 
produced by the following method A or B, or a modification thereof. 

(Method A) 

45 [0111] Rrst, a drug is dissolved or dispersed in water, with a drug retaining substance, such as gelatin, agar, alginic 
acid, polyvinyl alcohol or a basic amino acid, dissolved or suspended when necessary, to yi^d an internal aqueous 
phase. ■ 

[0112] The internal aqueous phase may be supplemented with a pH regulator for retaining drug stability or solubility, 
such as cart}onic acid, acetic acid, oxalic ackJ, citric acid, tartaric acid, succinic add. phosphoric add. sodium or potas- 
50 slum salt thereof, hydrochloric acid, sodium hydroxide, arginine, lysine or salt thereof. In addition, albumin, gelatin, citric 
acid, sodium ethylenediaminetetraacetatei, dextrin, sodium hydrogen sulfite, polyol compourtds such as polyethylene 
glycol, etc.. as drug stabilizers, and p-oxybenzoates (e.g.. methyl paraben, propyl paraben). benzyl alcohol, chlorobu- 
tanol, thimerosal etc., as preservatives, may be added. 

[0113] The internal aqueous phase thus obtained is added to an ester-containing solution (oil phase), followed by 
65 emutsification. to yield a W/0 emulsion. 

[0114] The above<iescrib6d ester-containing solution is prepared by dissolving an ester in an organic solvent. Any 
organic solvent serves this purpose, as long as it has a boiling point not higher than about 120*^0, is sparingly misdble 
with water and dissolves the ester. Such solvents indude halogenated hydrocarbons (e.g., dichloromethane, chtoro- 
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form, chloroethane, trichtoroethane, carbon tetrachloride), fatty acid esters (e.g.. butyl acetate), ethers (e.g.. isq3ropyl 
ether) and aromatic hydrocarbons (e.g., benzene, toluene, xylene). T^^ 

[0115] Emulsification is achieved by a conventional dispersing method. Useful dispersing methods include ^e inter- 
mittent shaking method, the method using a mixer, such as a propeller mixer or a turbine mixer, the colloidal mill 
5 method, the homogenizer method and the uttrasonication method. 

[0116] Next, the thus-obtained W/0 emulsion is subjected to a microcapsulatioh process. Useful microcapsulation 
methods Include the in-water drying method, phase separation method ard spray drying method described below, and 
modifications tiiereof. 

10 (1) In-water drying method 

[0117] After the VWO emulsion is added to another aqueous phase (third phase) to yield a W/O/W emulsion, the sol- 
vent is removed from the oil phase, to yield microcapsules. 

[01 1 8] An emuisrfier may be added to tiie third, aqueous phase. The emulsif ier n^y be any one, as long as It is cape- 
rs ble of forming a stable 0/W emulsion. Such emulsif iers include anionic surfactants (e.g., sodium oleate. sodium stear- 
ate, sodium lauryl sulfate), nonionic surfactants [e.g.. polyoxyethylene sorbitan fatty acid esters (Tween 80®, Tween 
60®, Atias PovwJer Company), polyoxyethylene castor oil derivatives (e.g., HCO-60®, HCO-50®. Nikko Chemicals)], 
polyvinylpyn-olidone, polyvinyl alcohol, carboxymethyl cellulose, lecithin, gelatin and hyaluronic acid. These emulsifiers 
may be used singly or in con^ination^ Their concentration can be chosen as appropriate over tiie range from about 
20 0.001 to 20% (w/w). preferably from about 0.01 to 10% (w/wv). and more preferably from about 0.05 to 5% (w/w). 

[01 1 9] Solvent removal from the oil phase can be achieved by per se known methods, including the method in which 
the solvent Is evaporated under normal or gradually reduced pressure during stirring using a propeller stirrer, magnetic 
stirrer or the like, and the method in which the solvent Is evaporated white the degree of vacuum is adjusted using a 
rotary evaporator or tiie like. 

2S [01 20] The thi^-obtained microcapsules are centrifuged or filtered to separate ttiem. after which tiiey are washed with 
distilled water several times to remove tiie free drug, drug retaining substance, emuisrfier etc. adhering to the microcap- 
sule surface. The microcapsules are then again dispersed in distilled water etc. and lyophiltzed. To prevent mutual 
aggregation of particles during washing, an antiaggregation agent may be added to the distilled water for washing. The 
antiaggregation agent is exeirplrfied by water-soluble polysaccharides such as mannrtol. lactol, glucose and starches 

30 (e.g.. com starch), amino adds such as glycine and alanine, proteins such as gelatin, fibrin and collagen, and inorganic 
salts such as sodium chloride, sodium bromide, potassium cart)onate and sodium hydrogen phosphate. Where neces- 
sary, this is followed by heating under reduced pressure to remove the water and organic solvent from the microcap- 
sules. 

35 (2) Phase separation method 

[0121] For producing microcapsules by the phase separation mettiod. a coacervating agent is gradually added to the 
above-described W/O emulsion, while the emulsion is stirred, to precipitate and solidify tiie ester. 
[0122] Any coacervating agent can be used, as long as it is a polymeric, mineral oil or vegetable oil compound mis- 
40 cible wrtii tiie solvent for the ester and which does not dissolve tiie ester. Such coacervating agents indude silicon oil, 
sesame oil, soybean oil, corn oil, cotton seed oil, coconut oil, linseed oil. mineral oil, n-hexane and n-heptane. These 
may be i^ed in combination of two or more kinds. 

[0123] The thus-obtained microcapsules are filtered to separate ttiem, after which ttiey are repeatedly washed vtritii 
heptane etc. to remove tiie coacervating agent. The free drug and solvent are then removed in ttie same manner as in 
45 the in-water drying method. 

(3) Spray drying method 

[0124] The W/O emulsion is sprayed via a nozzle into the drying chamber of a spray drier to volatilize the organic 
50 solvent in the fine droplets in a very short time, to yield fine microcapsules. The nozzle is exenplif ied by tiie double-fluid 
nozzle, pressure nozzle and rotary disc nozzle. To prevent microcapsule aggregation where desired, an aqueous solu- 
tion of the above-described antiaggregation agent may be effectively sprayed via another nozzle, while tiie organic sol- 
vent solution containing tiie drug and ester Is sprayed. 

[01 25] The microcapsules tiius obtained may have tiie water and organic solvent removed at inaeased temperature 
65 under reduced pressure when necessary. 
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(MethodB): 

[0126] The sustained-release preparation of the present invention can also be produced by dissolving or dispersing 
a drug and ester in a solvent substantially immiscible with water, and then removing the solvent. 
[0127] The solvent substantially immiscible with water may be any one. as long as it is substantially Immiscible with 
water. It dissolves the ester and the resulting polymer solution dissolves the drug. Preferably, the solvent has a water 
solubility not higher than 3% at normal temperature (20**C), and a boiling point not higher than 120''C. Such solvents 
include halogenated hydrocarbons (e.g., dichloromethane, chloroform, chloroethane, trichloroethane, carbon tetracNo- 
ride), alkyi ethers having 3 or more cart)on atoms (e.g., isopropyl ether), fatty acid alky! (4 or more carbon atoms) esters 
(e.g., butyl acetate) and aromatic hydrocart)ons (e.g., benzene, toluene, xylene). These may be used In combination in 
appropriate ratios. More preferably, the solvent Is a halogenated hydrocart>on (e.g., dichloromethane. chloroform, chlo- 
roethane, trichloroethane, cart)on tetrachloride), with greater preference given to dichloromethane. 
[0128] Solvent removal can be achieved by Qgr §§ known methods, including the method in which the solvent Is evap- 
orated under atmospheric a gradually reduced pressure during stirring using a propeller stinrer. magnetic stiner or the 
like, and the method In which the solvent is e\^porated while the degree of vacuum is adjusted using a rotary evaporator 
or the like. 

[0129] The drug is added to the ester solution in the organic solvent to achieve the drug content ratio by weight 
defined above, to yield an organic solvent solution of the drug and ester. The ester concentration in the organic solvent 
solution is normally about O.Ot to 80% (w/w), preferably about 0.1 to 70% (w/w), and more preferably about 1 to 60% 
(wAv). depending on the molecular weight of the ester and the kind of organic solvent. The thus-obtained organic sol- 
vent solution of the drug and ester is subjected to a microcapsulation process in the same manner as for the above- 
described W/O emulsion. Microcapsulation is canied out by. for example, the in-water drying method, phase separation 
method and spray drying method, or a nxxJification thereof, as described above. 

[0130] The thus-obtained microcapsules can be administered, as such or in the form of various dosage forms of non- 
oral preparations (e.g.. intramuscular, subcutaneous or visceral injections or indweilable preparations, nasal, rectal or 
uterine transmucosal preparations) or oral preparations (e.g.. capsules such as hard capsules and soft capsules), or 
solid preparations such as granules and powders or liquid preparations such as syrups, emulsions and suspensions. 
These preparations can be produced by oet known methods in common use for pharmaceutical production. 
[0131] An injectable preparation can be prepared by, for example, suspending microcapsules In water, along with a 
dispersing agertt (e.g., Tween 80®, HCO-60®. carboxymethyl cellulose, sodium alginate), a preservative (e.g., methyl 
paraben. propyl paraben, benzyl alcohoQ, an isotonizing agent (e.g., sodium chloride, glycerol, mannltol, sorbitol, glu- 
cose) etc.. to yield an aqueous suspension, or by dispersing It In a vegetable oil such as dive oil. sesame oil, peanut 
oil, cotton seed oil or corn oil, propylene glycol, or the like, to yield an oily suspension. A more stable sustained-release 
injectat^e preparatbn can be produced by adding to such an Injectable preparation an excipient (e.g., mannitol, sorbitol, 
lactose, glucose), re-dispersing the miaocapsules, then lyophilizing or spray drying the dispersion to solidify rt, and 
adding distilled water for injection or an appropriate dispersant at the time of use. 

[0132] When microcapsules are used as an Injectable suspension, for Instance, their particle size Is chosen over the 
range from about 1 to 300 fun, as long as the requirements concerning the degree of dispersion and needle passage 
are met Preferably, the particle size is about 5 to 150 |im. 

[0133] Methods of preparing microcapsules as a sterile preparation include, but are not limited to. the method in which 
the entire production process Is sterile, the method In which gamma rays are used as sterilant, and the method In which 
an antiseptic Is added. 

[0134] An oral preparation can be produced by, for example, adding an excipient (e.g.. lactose, sucrose, starch), a 
disintegrating agent (e.g., starch, calcium cart>onate), a binder (e.g., starch, gum arabic, caftx)xymethyl cellulose, pol- 
yvinylpyrrolidone, hydroxypropyl cellulose) or a lubricant (e.g., talc, magnesium stearate. polyethylene glycol 6000) to 
microcapsules, subjecting the mixture to compressive shaping, followed by coating to mask the taste or conferring an 
enteric or sustained-release property when necessary. This coating can be achieved by a per se known method. Useful 
coating agents include hydroxypropylmethyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, 
polyoxyethylene glycol, Tween 80®. Prullonic F68®. cellulose acetate phthalate. hydroxypropylmethyl cellulose phtha- 
late, hydroxypropylmethyl cellulose acetate succinate. Eudragit® (Rohm Company. Germany, methacrylic acid-acrylic 
acid copolymer), and dyes such as titanium oxide and iron oxide red. 

[0135] The nasal preparation may be solid, semi-solid or liquid. For example, a solid nasal preparation can be pro- 
duced by powdering the microcapsules, as such or in mixture witii an excipient (e.g., glucose, mannitol, starch, micro- 
crystalline cellulose), a thickening agent (e.g., natural rubbers, cellulose derivative, aaylic ackj polymer) etc. A liqukJ 
nasal preparation can be produced as an oily or aqueous suspension. In almost the same manner as for an Injectable 
preparation. The semi-solid nasal preparation is preferably an aqueous or oily gel or ointment. All these preparations 
may contain a pH regulator (e.g., cartx)nic add, phosphoric add, dtric acid, hydrochloric acid, sodium hydroxide), an 
antiseptic (e.g., p-oxybenzoate ester, chlorobutanot. benzalkonium chloride) etc. 
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[01 36] The suppository may be an oily or aqueous sdid, siBmi-solid or liquid. Any oily base can be used to produce a 
suppository, as long as it does not dissolve fine particle preparations. Such oily bases include glycerides of higher tatty 
acids [e.g., caca tat uitepsols® (produced by Dynamite Ndt>^ Company)], moderate tatty adds [e.g., nrrygtiols® (pro- 
duced by Dynamite Nobel Company)], and vegetat^e oils (e.g., sesame oil, soybean oil, cottonseed oil). Aqueous teases 
5 include polyethylene glycols and propylene glycol. Aqueous gel bases include natural rubbers, cellulose derivatives, 
vinyl polymers and acrylic add polymers. 

[0137] In addition to the above-described microcapsules, the sustained-release preparation of the present invention 
can be produced by dissolving a biodegradable polymer conposition containing a drug dispersed therein by an appro- 
priate method and forming the solution into balls, rods, needles, pellets, films and other forms. This biodegradable poi- 
re ymer composition is produced in accordance with, for exanple, the method described in Japanese Patertt Examined 
Publication No. 17525/1975. More specifically, the biodegradable polymer composition can be produced by dissolving 
a drug and a high molecular polymer in a sdvent and then removing the solvent by an appropriate method (e.g.. spray 
drying, flush evaporation). 

[0138] The sustained-release preparation of the present invention can be administered intramuscularly, subcutaner 
IS ousty or intraviscerally as an injectable preparation or implant, intranasaKy, rectally or uterinely as transmucosal prepa- 
ration, or orally [e.g.. solid preparations such as a capsule (e.g.. hard capsule, soft capsule), granules and powders, and 
liquid preparations such as syrup, emulsion and suspension]. The sustained-release preparation of the present inven- 
tion is preferably i^ed as an injectable preparation. 

[0139] The sustained-release preparation of the present invention has a low toxic potential and can be used sataly in 

20 mammals (e.g., humans, bovines. swines, dogs, cate, nrtice, rats, rabbits). 

[0140] Although varying widely d^ending on kind, content ard dosage form, and duration of release of the drug, tar- 
get disease, subject animal spades and other tactors. the dose of the sustained-release preparation may be set at any 
level, as long as the desired effect of the drug is obtained. The dose of the drug per administration can be chosen as 
appropriate over the range from about 0.01 to 100 mg/kg body weight, preferably from at)Out 0.05 to 50 mg/kg body 

25 weight and vnore preferat}ly from about 0.1 to 10 mg/kg body weight per adult in the case of a 1 -month release prepa- 
ration. 

[0141] The dose of the sustained-release preparation per administration can be chosen as appropriate within the 
range from about 0. 1 to 500 mg/kg body weight, preferably from about 0.2 to 300 mg/l^ body weight per adult. The fre- 
quency of administration can be chosen as appropriate, depending on kind, content and dosage form, duration of 
30 release of the drug, target disease, subject animal species and other tactors, e.g., once every several weeks, one every 
month or once every several months. 

[0142] The present invention is hereinafter described in more detail by means of the following reference examples, 
exanrples and experimental examples. In the exanrples below, % values are by weight, unless othenAfise stated. 

35 Reference Example 1 

[0143] To a 1 ,000 ml four-necked flask equipped with a nitrc^en inlet pipe and a cooling tube. 300 g of a 90% aqueous 
solution of D.L-tactic acid and 100 g of a 90% aqueous solution of L-lactic acid were charged, followed by heating under 
_ , reduced pressure in a nitrogen stream from 1 0O^^C and 500 mmHg to 1 SQ^C and 30 mmHg over a 4-h6ur period to distill 
40 off water. After f urth^ heating under reduced pressured at 3 to 5 mmHg and 1 50 to 1 SO^'C for 1 0 hours, the residue was 
cooled to yield amber-colored polylactic ackJ. 

[0144] The resulting polymer was dissolved in 1 .000 ml of dichloromethane; the solution wais added to GO^'C hot water 
while stin'ing at constant rate. TTie separating pasty high molecular polymer was collected and dried at ZO^'C under vac- 
uum. 

45 [0145] The weight-average molecular and number-average molecular weighte by CPC determination and the 
number-average molecular weight by end-group determination of the polylactic add thus obtained were deterntined to 
be 4,200, 2.192 and 1.572, r^ectivety; the polylactic acid was Identified as a polyester having a terminal carboxyt 
groupi 

so Reference Example 2 

[9146] To a 1 ,000 ml four-necked ftask equ*q3ped with a nitrogen inlet pipe and a cooling tube, 182.5 g of glycdk: add 
and 166.6 g of D,L-2-hydrpxyt)utyric add were charged, followed by heating under reduced pressure in a nitrogen 
stream from 1 0O^'C and 500 mmHg to 1 50''C and 30 mmHg over a 3.5-hour period to distill off water After f urth r heat- 
55 ing under reduced r^^essure at 5 to 7 mmHg and 1 50 to 1 SO^'C for 32 hours, the residue was cooled to yieki an amber^ 
colored glycolic acid-2-hydroxybutyric ackJ copolymer. 

[01 47] The resulting polymer was dissoh^ed in 1 ,000 ml of dichloromethane; the solution was added to eo^'C hot water 
while stirring at constant ratiB. The separating pasty high nrralecular polymer was collected and dried at 25*C under vac- . 
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[0148] The weight-average molecular weight and number-average molecular weight by GPC determinati n and 
number-average molecular weight by end-group determination of the glycolic acid-2-hydrQxybutyric acid copolymer 
thus obtained were determined to t>e 1 4.700, 5,700 and 2,400, respectively; the copolymer was identified as a polyester 
5 having a terminal carboxyl groMpL 

Example 1 

[0149] To a mixture of 168 ml of a 40% aqueous solution of potassium hydroxide and 824 ml of ethyl ether. 81 .5 g of 
10 nitrosomethylurea was added tittle by little, while the mixture was stirred under ice cooling. The resulting yellow ether 
layer was separated, arid dried with granular potassiurn hydroxide, followed by removal of potassium hydroxide, to yield 
about 800 ml of a diazomethane solution. 

[0150] 80 g of polylactic add having a weight-average molecular weight of akx)ut 5.000, produced in the same manner 
as in Reference Example 1. was dissolved in 500 ml of dlchloromethane; this solution was stirred and cooled. While the 

IS solution was Ice cooled, the above<lescribed diazomethane solution was added dropwise, followed by stining at room 
temperature for 2 hours. After the solution was kept standing overnight, the solvent was distilled off under reduced pres- 
sure; the residue was vacuum dried at room temperature to yield 79 g of the methyl ester of polylactic acid. 
[0151] The weight-average and number-average molecular weights by GPC determination and the number-average 
molecular weight by end-group determination of the polylactic acid methyl ester thus obtained were determined to be 

20 5,250, 2,960 and 1,820, respectively, the residual carboxyl group content as lactic acid, by end-group determination, 
being under 0.1%; the ester was identified as a polyester having no terminal 

Example 2 

2S [0152] Toa mixtureof 168 ml of a 40% aqueous solution of potassium hydroxide and 1,000 ml of ethyl ether, 104 g 
of nitrosoethylurea was added little by tittle, while the mixture was stirred under ice cooling. The resulting yellow ether 
layer was separated, and dried with granular potassium hydroxjde, followed by potassium hydroxide removal, to yield 
about 900 ml of a diazoethane solutbn. 

[0153] 130 g of a tactic actd/glycolic acid copolymer having a weight-average molecular weight of at>out 5.000 (lactic 
acid/glycolic acid ^ 50/50 (mol%)) was dissolved in 1,900 ml of dichloromethane; this solution was stined and cooled. 
While the solution was ice oooled, the above-described diazoethane solution was added dropwise, followed by stirring 
at room temperature for 2 hours. After the solution was kept standing overnight, the solvent was distilled off under 
reduced pressure; the residue was vacuum dried at room temperature to yield 131 g of the ethyl ester of lactic acki/gly- 
colic acid. 
35 10154]'^ fh^ Wdght^ 

acid ethyl ester thus obtained were determined to be 5, 1 20 and 2,320. respectively, the residual carboxyl group content 
as lactic acid, by end-group determination, being under 0. 1 %; the ester was identified as a polyester having no terminal 
cartKSxyl groupi 

40 Examples 

[0155] 15 g Of a lactic actd/glycdic aicid copolymer having a weight-average molecular weigfit of sboiA 7.500 (lactic 
acid/glycolic acid » 75/25 (mol%)) (Wako Pure Chemical Industries, Ltd.) and a 7.8 g of ethyl iodide were dissolved in 
1 50 ml of acetone. To thus obtained solution was added 1 .38 g of potassium cartx}hate and then the resulting mixture 

45 was refluxed for 6 hoiins. After the resultant solution was cooled, inorganic substances were removed by filtration and 
then the filtrate was concentrated under reduced pressure. The concentrate was dissolved in 100 ml of dichlorometh- 
ane, washed 3 times with 100 ml of 10 % ethanol-water, and then dried with magnesium sulfate. After magnesium sul- 
fate was separated by filtration, the mixture was concentrated to dryn^^ 12.5gofthe 
ethyl ester of tactic acid/gtypolic acid copolymer. 

so [0156] The weight-average and number-average molecular weights by GPC determination of the ethyl ester thus 
obtained were determined to be 5,330 and 3,220 respectively, the residual carboxyl group content as tactic acid, by end- 
group determination, being under 0.1%; the ester was identified as a polymer having no terminal cartxixyt group. 

Example 4 

ss 

[0157] 9 g of a tactic ackt/glycotic acid copolymer having a weight-average molecular weight f about 7,500 (tactic 
actd/glycolic acid « 75/25 (mot%)) (Wako Pure Chemical Industries, Ltd.) was dissolved in a mixed solvent consisting 
of 20 ml of dichloromethane and 20 ml of ethanol. White thus obtained solution was cooled and stirred, 0.45 ml of trie- 
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thyl amine, 0.29 ml of ethyl chloroformate and 0.36 g of N.N^Jimethylaminopyrldine were added. After the resulting mix- 
ture was stirred for another 2 hojrs. 50 ml of dichloromethane and 50 ml of water were added and th n 
dichlbromethane phase was separated. The dichloromethane phase was washed 2 times with 50 ml of 10 % ethanol- . 
water, and tfien dried with magnesium sulfate. After magnesium sulfate was separated by filtration, the mixture was 
5 concentrated to dryness under reduced pressure to yield 7:7 g of the ethyl ester of lactic acid/glycolic add copolymer. 
[015g] The weight-average and number-average molecular weights by GPC determination of the ethyl ester thus 
obtained were determined to be 9,220 arKJ 5.230 respectively, the residual carboxyl group content as lactic acki, by end- 
group determination, being under 0.1%; the ester was identified as a polymer having no terminal cartx)xyl group. 

10 Example 5 

[0159] 6 g of a lactic acid/glycolic add copolymer having a weight-average molecular weight of about 7,500 (lactic 
acki/glycollc add » 75/25 (mol%)) (Wako Pure Chemical Industries, Ltd.) was dissolved in a mixed solvent consisting 
of 60 ml of dichloromethane and 60 ml of ethanol. While thus obtained solution was cooled and stin-ed. 3.83 g of l-etfiyl- 

15 3-(3-dimethylaminoisopropyQ-carbodiimide hydrochloride was added and then the reaction mixture was stirred over- 
night. After 50 ml of water was added, dichloromethane phase was separated. The dichloromethane phase was 
washed 2 times with 40 ml of 10 % ethanpl-water and dried with magnesium sulfate. After magnesium sulfate was sep- 
arated by f iltrationm, the mixture was concentrated to dryness under reduced pressure to yield 5.2 g of the ethyl ester 
of lactic add/glycolic ackJ copolymer. 

20 [0160] The weight-average and number-average molecular weights by GPC determination of the ethyl ester thus 
obtained were determined to be 6,620 arKi 3,350 respectively, the residual carboxyl group content as lactic acid, by end- 
group determination, being ;under 0.1%; the ester was identified as a polymer having no terminal carlxsxyl groip. 

Exanrple 6 

■2S ' ' /: 

[0161] 4.4 g of a 1 :1 mixture of the glycolic add/2-hydroxybutyric acid copolymer obtained in Reference Example 2 
and the polylactic add methyl ester obtained in Example 1 was dissolved in 9.1 g (7.0 ml) of dichloromethane. In this 
solution was dissolved 600 mg of the acetate of NAcD2Nal-D4CIPhe-D3Pal-Ser-NMeTyr-DLys(Nic)-Leu-Lys(Nisp)-Pro- 
DAIaNH2 (produced by TAP Company, hereinafter referred to as biologically active peptide A), produced by the method 

30 desaibed in US Patent No. 5.1 10,904. The resulting solution was poured into 1 ,000 ml of a 0.1% aqueous solution of 
polyvinyl alcohol (EG-40®. produced by The Nippon Synthetic Chemical Industry Co.. Ltd.), previously adjusted to 
17''C, and was then prepared as an 0/W emulsion using a turbine type homomixer at 7,000 rpm. This 0/W emulsion 
was stirred at room temperature fc»^ 3 hours to volatilize off ^e dichloromethane and sdidify the oil phase, which was 
then collected via centrifugation at 1,500 rpm using a centrifuge (05PR-22. Hitachi Limited). The oil phase was again 

35 dispersed in distilled water, followed by centrifugation to wash off the free drug etc. After the collected microcapsulies 
were again dispersed in a small amount of distilled water, 0.3 g of D-mannitot was added; the resulting dispersion was 
lyophilized to yield a powder. The biologically active peptide A content of the microcapsules was 9.3%. 

Example7 - 

40 

[0162] 1.0 g of a 1:1 mixture of a lactic acid/glycolic acid copolymer having a weight-average mdecular weight of 
5.100 (lactic acid/glyootic add s 50/50 (mol%)) (Wako Pure Chemical Industries. Ltd.) and the lactic actd/glycolk: acid 
ethyl ^er obtained in Exanple 2 wias dissdved in 2.0 g (1 .5 ml) of dichloromethane. In this solution, 40 mg of human 
interferon alpha (7.0 x 10^ lU/mg) was dispersed. The resulting dispersion was poured into 300 ml of a 0.1% aqueoi^ 

45 soluti<»i of polyvinyl alcohol (EG-40®, produced by The Nippon Synthetic Chemical Industry Ca. Ltd.), previously 
adjusted to 1 7*C, and was then prepared as an 0/W emulsion using a turbine type homomixer at 6.500 rpm. This 0/W 
emulsion was stin^ed at room temperature for 3 hours to volatilize off the dichloromethane and solidify the oil phase, 
which was then collected via centrifugation using a centrifuge (05PR-22, Hitachi Limited) at 1 ,500 rpm. The oil phase 
was again dispersed in distilled wat^, followed by centrifugation to wash off the free drug etc. After the collected micro- 

50 capsules were again dispersed in a small amount of distilled water, 50 mg of D-mannitol was added; the resulting dis- 
persion was lyophilized to yield a powder. The hurmn interferon alpha activity of the microcapsules was 5.75 x 10^ 
lU/mg microcapsule. 

Examples 

65, 

[0163] 1 .0 g of the lactic add/glycolic acid ethyl ester obtained in Example 2 was dissolved in 2.0 g (1 .5 ml) of dichlo- 
romethane. In this solution, 40 mg of human interfer n alpha (2.0 x 10^ lU/mg) was dispersed. The resulting diversion 
was poured into 300 ml of a 0.1% aqueous solution of polyvinyl alcohol (EG-40 , produced by The Nippon Synthetic 
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Chemical Industry Co., Ltd.), previously adjusted to IT^C, and was then prepared as an 0/W emulsion, using a turbine 
type homomixer at 6,500 rpm. This 0/W emulsion was stirred at room tenperature for 3 houre 
romethane and solidify the oil phase, which was then collected via centrifugation at 1,500 rpm using a centrifuge 
(05PR-22. Hitachi Umrted). The oil phase was again dispersed in distilled water, followed by centrifugation to wash off 
5 the free drug etc. After the collected microcapsules were again dispersed in a small amount of distilled water, 50 mg of 
D-mannrtol was added; the resulting dispersion was lyophilized to yield a powder. The human interferon alpha activity 
of the microcapsules was 2.48 X 10^ lU/mg microcapsule. 

Examples 

10 

[0164] 0.9 g Of a 1 :1 mixture of a lactic acid/glycolic acid copolymer having a weight-average molecular weight of 
5,100 (lactic acid/glycolie acid = 50/50 (mol%)) (Wako Pure Chemical Industries, Ltd.) and the lactic acid/glycolic acid 
ethyl ester obtained in Example 2 was dissolved in 2.0 g (1 .5 ml) of dichloromethane. In this solution 100 mg of recom- 
binant insulin (Wako Pure Chemical Industries, Ltd.) was dispersed. The resulting dispersion was poured into 350 ml of 

IS a 0.1% aqueous solution of polyvinyl alcohol (EG-40®, produced by The Nippon Synthetic Industry Co.. Ltd.) 

containing 5% mannitol. previously adjusted to 18*C, and was then prepared as an 0/W emulsion using a turbine type 
homomixer at 6,500 rpm. This 0/W emulsion was stined at room temperature for 3 hours to volatilize off the dichlo- 
romethane and solidify the oil phase, which was then collected via centrifugation using a centrifuge (05PR-22. Hitachi 
Limited) at 1,500 rpm. The oil phase was again dispersed in distilled water, followed by centrifugation to wash off the 

20 free drug etc. After the collected microcapsules were again dispersed in a small amount of distilled water, 50 mg of D- 
mannitol was added; the resulting dispersion was lyophilized to yield a power (476 mg). The insulin content of the miao- 
capsules was 7.95%. 

Example 10 

2S 

[0165] 4.5 g of a 1 :1 mixture of the lactic acid/glycolic add copolymer having a weight-average molecuiar weight of 
5.000 (lactic acid/glycolic acid = 50/50 (mol%)) (Wako Pure Chemical Industries, Ltd.), and the lactic acid/glycolic acid 
ethyl ester obtained in Example 2 was dissolved in 6.5 g (5.0 ml) of dichlorometiiane. To this solution was added 500 
mg of the acetate of N-(s)-Tetrahydrofur-2-oyl-Gly-D2Nal-D4CIPhe-D3Pal-Ser-Nl^eTyr-DLys(Nic)-Leu-Lys(Nisp)-Pro- 

30 DAIaNHg (produced by TAP Company, hereinafter refen^ed to as biologically active peptide B) dissolved in 0.6ml of dis- 
tilled water, followed by mixing for 60 seconds with a turbine type homomixer to yield a W/0 emulsion. This W/0 was 
cooled to 1 6'C, poured into 1 ,000 ml of a 0. 1% aqueous solution of polyvinyl alcohol (EG-40® produced by The Nippon 
Synthetic Chemical Industry Co., Ltd.), previously adjusted to 16**C, and was then prepared as a W/O/W emulsion using 
a turbine type homomixer at 7,000 rpm. This W/O/W emulsion v\as stin-ed at room temperature for 3 hours to volatilize 

35 Off the dichloromethane and solidify the W/O emulsibh. Which was then collected via centrifugation at 2.000 rpm using 
a centrifuge (05PR-22, Hitachi Limited), And then, microcapsules were obtained as a powder in the same manner as 
Example 6. The biologically active peptide B contem of the microcapsules was 9.2%. 

Comparative Example 1 

40 

[0166] 1.5 g of tile lactic acid/glycolic acid copolymer having a weight-average molecular weight of 5,100 (lactic 
acid/glycolic add = 50/50 (mol%)) (WSako Pure Chemical Industries. Ltd.) was dissolved in 2.6 g (2.0 ml) of dichlo- 
romethane. In this solution, 60 mg of human interferon alpha (1 .5 x 10® lU/mg) was dispersed. The resulting dispersion 
was poured into 300 ml of a 0.1% aqueous solution of polyvinyl alcohol (EG-40®. produced by The Nippon Syrthetic 

45 Chemical Industry Co., Ltd,), previously adjusted to 17*'C, and was then prepared as an 0/W emulsion, using a turbine 
type homomixer at 6,500 rpm. This O/W emulsion was istirred at room temperature for 3 hours to volatilize off the dichlo- 
rometiiane and solidify the oil phase, which was then collected via centrifugation at 1.500 rpm using a centrifuge 
(05PR-22. Hitachi Limited). The oil phase was again dispersed in distilled water, followed by centrifugation to wash off 
the free drug etc. After tiie collected microcapsules were again dispersed in a small amount of distilled water, 50 nr>g of 

50 D-mannrtol was added; tiie resulting dispersion was lyophilized to yield a powder. The human interferon alpha activity 
of tiie microcapsules was 2.24 X 10^ lU/hng microcapsule. 

Experimental Example 1 

55 [0167] About 14 mg of tiie microcapsules obtained in Exanple 6 (1 .35 mg of biologically active peptide A contained) 
was dispersed in 0.5 ml of a dispersant (a solution of 2.5 mg of cartxsxymethyl celjulose, 0.5 mg of P lysorbate 80 and 
25 mg of mannitol in distilled water). This dispersion was subcutaneously administered via 22-gauge injection needle 
to tiie backs of male SD rats at 10 weeks of age. Following administration, blood was regularly taken from each rat via 
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the tall vein, and assayed for biologically active peptide A content by Rl A. The results are given In Table 1 , 



Table 1 





biologically active Peptide A Concentration (ng/mQ 




Day 1 


Week1 


Week 2 


Weeks 


Week4 


Week 6 


Experimental Example 1 


1.75 


4.41 


4.31 


3.19 


2.43 


0.76 



[0168] When polylactic acid having a methyl-esterrfied terminal cart)oxyl group was used, kyw blood drug levels were 
obtained 1 day after administration, demonstrating very low initial drug release after administration. The blood dmg level 
remained alnrx>st constant over a 1 -month period, indicating a good sustained-release property. 

Experimental Example 2 

[01 69] About 87 mg of the microcapsules obtained in Example 7 (5.0 x 1 0^ lU human interferon alpha contained) was 
dispersed in 0.5 ml of a dispersant (a solution of 2.5 mg of carfooxymethyt cellulose, 0.5 mg of Polysort>ate 80® and 25 
mg of mannitol in distilled water). This dispersion was sutxxjtaneously administered via 22-gauge injection needle to 
the backs of male SD rats at 8 weeks of age. Foltowing administration, blood was regularly tat^ from each rat via the 
tail vein, and assayed for human interferon alpha content by EIA. The results are given in Table 2. 

Experimental Example 3 

[0170] The microcapsules obtained in Comparative Example 1 were treated in the same manner as in Experimental 
Example 2 to determine the blood human interferon alpha content. The results are given in Table 2. 



Table 2 





Human Interferon Alpha Concentration (lU/ml) 




3 Hours 


6 Hours 


Day 1 


Day 2 


Day 3 


Day 7 


Day 9 


Experimental Example 2 


5042.6 


3934.3 


162.3 


122.6 


139.9 


113.8 


43.8 


Experimental Example 3 


5127.2 


6121.6 


65.9 


42.9 


32.3 


1.9 


0.0 



[0171] When a lactic acid/glycolic ackJ copolymer having an ethylated terminal carboxyl group was used, initiial drug 
release was suppressed, while a high stationary blood drug level was maintained, demonstrating a good sustained- 
release property. 

Experimental Example 4 

[01 72] About 20 mg of the microcapsules obtained in Exanple 8 (5.0 x 1 0^ lU human interferon alpha oontainecQ was 
dispersed in 0.5 ml of a dispersant (a solution of 2.5 mg of cart>oxymethyt cellulose, 0.5 mg of Poly8ort)ate 80® and 25 
mg of mannitol in distilled water). This dispersion was subcutaneously administered via 22-gauge inj^on needle to 
the backs of male SD rats at 8 weeks of age. Following administration, blood was regularly taken from each rat via the 
tail vein, and assayed for human interferon alpha content by EIA. 

[0173] Despite the fact that the dose per rat was almost the same as in Experimental Example 2, Ihe blood human 
interferon alpha concentration remained as high as 133 lU/ml even at day 14 following administration: CkxxJ sustained- 
release was obtained when a lactic acid/glycolic add copolymer having an ethylated terminal cartxsxyl group was used. 
[0174] The ester of the presiant inventton, can be used as a matrix for sustained-release preparation. The matrix is 
stable to light, heat, moisture, coloring etc., and is of low toxicity. 

[0175] The sustained-release preparation produced by using the ester of the present invention offers stable drug 
release over an extended period of time* ensuring sustained stable effect. Furthermore, th~ sustained-release prepara- 
tion does not show excess drug release just after administration. 
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I, A matrix for sustained-release preparation conprising a Ci,6 a'ky' ester, a Ce-io aryl ester or a C7.19 arakyi ester 
formed at a terminal cartxsxyt group of a straight chain polyester which consists of units of an a-hydroxynrwnocar- 

5 boxylic acid, the polyester having a weight-average molecular weight of 1 500 to 50000 wherein the all^ group in 
the ester nx)iety niay have 1 to 3 substituents selected from halogen atoms, (C-|.8)&l^'Cart)onyl groups and nitro 
group, and the aryl group and the aralkyi group may have 1 to 3 substituents selected from halogen atoms. (Gi. 
5)alM-cartx)nyl groups and nitro group. 

10 2. A nriatrix according to claim 1. wherein the straight-chain polyester is a tactic 

3. A matrix according to claim 1 , wherein the ester is an alkyi ester. 

4v A rratrix according to daim 3, wherein tiie alkyi ester is a C-1.3 alkyi ester. 

IS .■ 

5. A sustained-release preparation which comprises the matrix as claimed in daim 1 and a biologically active peptide. 

6. A sustained-release preparation according to claim 5, wherein the biologically active peptide is an LH-RH ana- 
logue. 

20 

7. A sustained-release preparation according to claim 6. wherein the LH-RH analogue is an m-RH 

8. A sustained-release preparation according to claim 5, wherein tiie biologically active peptide is a cytokine. 
25 9. A sustained-release preparation according to claim 8. wherein tiie cytokine is an interferon. 

1 0. An injectable preparation which comprises the sustained-release preparation as claimed in claim 5. 

II . A C1.6 alkyI ester, a C6.-10 aryl ester or a C7.19 aralkyi ester formed at a terminal carboxyl group of a straight chain 
30 polyester which consists of units of an a-hydrQxymonocartx)xylic acid, the polyester having a weight-average 

molecular weight of 1500 to 50000. wherein the alkyI group in the ester moiety may have 1 to 3 substituents 
selected from halogen atoms, (CvslalM^carbonyl groups and nitro group, and tiie aryl group and tiie aralkyi group 
may have 1 to 3 substituents selected from halogen atoms. {C^.e)alkyl-cart>onyl groups and nitro group. 

^^^^^^^ 

copolymer. 

13. An ester according to claim 11, which is an alkyI ester. 
40 14. An ester according toclaim 13. which is a C1.3 alkyI ester. 
PatentansprOche 

1. Matrix fOr ein Prdparat mit verzOgerter Freisetzung, umfassend einen Cve-^lkylester, einen Ce-ro-Arylester oder 
45 einen Cy.ig-Aralkytester, der an einer terminalen Carboxylgruppe eines geradkettigen Polyesters gebildet wird, 

welcher aus Einheiten einer a-Hydroxymonocarbbnsdure besteht, wobei der Polyester ein Massenmittel der Mol- 
masse von 1500 bis 50 000 hat, worin die Alkylgruppe in dem Esterrest 1 bis 3 Substituenten haben kann, die aus 
Halogenatomen, (Ci.8)'Alkylcartx)nyl-Gruppen und einer Nitrogruppe ausgewdhtt sind. und die Arylgruppe und die 
Aralkylgruppe 1 bis 3 Substituenten aufweisen kOnnen. die aus Halogenatomen, (C1.6) -Alkylcartx>nyl-Gruppen 
so und einer Nitrogruppe ausgew&hit sind. 

2. Matrix gemdB Anspruch 1 . worin der geradkettige Polyester ein Milchsdure/Glycolsdure-Copolymer ist. 

3. Matrix gemdB Anspruch 1, worin der Ester ein Alkylester ist. 

4. Matrix gemdB Anspruch 3, worin der Alkylester ein Ct.3-Alkylester ist. 

5. Prdparat mit verzOgerter Freisetzung, umlassend die Matrix gemdB Anspruch 1 und ein biologisch aktives Peptid. 
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6. Prdparat mit verzOgerter f reisetzung gemdB Anspruch 5, worin das biologisch aktive Peptid ein LH-RH-Analoges 

ist . 



7. Prdparat mit verzOgerter Freisetzung gemaB Anspruch 6, worin das LH-RH-Analoge etn LH-RH-AiTtagonict ist. 

8. Praparat rnit verzOgerter Freisetzung g^dB Anspruch 5, worin das biologisch aktive P^itid ein Cytokin 1st. 

9. Prdparat nnit verzOgerter Freisetzung gendB Anspruch 8. worin das Cytokih IntiBrferon ist. 

10 10. Injiziert>ares Prfiparat unrfassend das Prdparat mit verzOgerter Freisetzung gemdB Anspruch 5. 

11. C^.6-Alk/lester, Ce-io-Arylester oder Cy.ig-Aralkylester, der an aner terminalen Carboxylgruppe eines geradketti- 
gen Polyesters gebiklet wird. welcher aus Einheiten einer a-HydroxynrK>nocarbonsaure besteht, wot>ei der Poly- 
ester ein Massenmittel der Molmasse von 1500 bis 50 000 hat worin die Alkylgruppe in dem Esten'est 1 bis 3 

75 Substituenten haben kann, die aus Halogenatomen, (C^e)-Alkylcartx)nyl-Gruppen und einer Nitrbgruppe ausge- 
wdhlt sind, und die Arylgruppe und die Aralkylgruppe 1 bis 3 Substituenten aufweisen kOnnen, die aus Halogen- 
atomen. (Ci.6)-Alkylcart)ony1-Gruppen und ein^ Nitrogruppe ausgewdhH sind. 

12. Ester genndB Anspruch 1 1 , der ein Ester ist welcher an einer terminalen Carboxylgruppe eines Milchsdure/Qlyod- 
20 sdure-Copolymers g^Uet wind. 

13. Ester gemdB Anspruch 11, der ein Alkylester ist. 

14. Ester gemdB Anspruch 13, der ein Ct.3-Alkylester ist. 
Revendlcatlons 

I. Matrice pour preparation retard, comprenant un ester d'alkyle en C^^, d'aryle en Ce-io ou d'aralkyte en C7.19, 
fbrm^ avec le groupe carisoxy terminal d*un polyester k chaTne droite qui est constitu6 de motifs 6irw§s d*un acide 

30 monocartx)xylique a-hydroxyt6 et dont la masse molaire moyenne en poids vaut de 1 500 k 50000. le groupe alkyle 
du fragment ester pouvant porter del 1 d 3 sut>stituants choisis parmi les atomes dlialog^ne et les groupes nitro et 
(alkyle en Ci.8)-cartx)nyle. et les groupes aryle et aralkyle pouvant porter de 1 d 3 substituants choisis parmi les 
atomes d*halogdne et les groupes nitro et (alkyle en Ci^-carbonyle. 

35 2. Matrice confbrme d la revendicatioh 1 , dans laquelle le polyester k chaTne droite est un copolym^re d'acide lactique 
et d*acide giycdkiue. 

3. Matrice conformed la revendicationl, dans laquelle Tester est un ester d'alky^ 

40 4. Matrice confbrme d la revendlcation 3, dans laquelle Tester d'afkyle est un ester d*alkyle en C1.3. 

5. Prdparation retard qui comporte une matrice conforme k la revendlcation . 1 et un peptide biologiquement actif . 

6. Proration retard confornrie d la revendlcation 5, dans laquelle le peptide biologiquement actif est un arialoguede 
45 Thormone LH-RH. 

7. Preparation retard conforme d la revendlcation 6. dans laquelle Tanalogue de lliormone LH-RH est un anteigbniste 
deLH-RH. 

50 8. Preparation retard confornrie d la rever^ication 5, dans laquelle le peptide biologiquement actif est une cytokine. . 

9. Preparation retard confomie d la revendlcation 8. dans laquelle la cytokine est un imer^^ 

10. Preparation injectable qui oomprend une preparation retard conforme d la re^erxlication 5. 

II. Ester d'alkyle en C^^, d'aryle en Ce-io ou d'aralkyle en C7.19, fonn^ avec le groupe cartx)xy terminal d*un polyester 
d ChaTne droite qui est constitue de motifs derives d'un acide monocarboxylque a-hydroxyte et dont la masse 
molaire moyenn en po'ids vaut de 1 500 d 50 000, le groupe alkyle du fragment ester pouvant porter de 1 d 3 subs- 
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t'rtuante choisis parmi les atomes d'halog6ne et les groupes nitro et (alkyle en Cvej-carbonyle. et les groupes aryle 
et aralkyle pouvarrt porter de 1 6 3 substituants choisis parmi les atomes d'halog6ne et les groupes nitro et (alkyle 
en Ci^)-cartx)ny|e. 

5 12. Ester conforme k la revendication 1 1 . qui est form6 avec le groupe cartx)xy terminal d'un copolym^re d'acide lac- 
tque et d'acide glycolique. 

13. Ester conforme k la revendication 11 , qui est un ester d'alkyte. 

10 14. Ester cbnfonme k la revendication 13. qui est un ester d*alkyle en C1.3. 
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